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Abstract
In this paper we discuss the design and modeling of a 3D system for microwave imaging. The antenna
system consists of 32 monopoles in a cylindrical configuration. A FDTD model of the system is used in the
imaging reconstruction algorithm. Here we show a comparison of the data generated from the numerical
FDTD model with measured data, as well as imaging of a simple target using this system. The agreement
in the model is good and the imaging of a test object is successful.
1 Introduction
Breast cancer is a serious health problem for women. According to national statistics of Sweden from
year 2007 it is the most common cause of death from cancer among women, with about 30 yearly deaths per
100,000 inhabitants, [1]. The situation is similar in the rest of Europe, Northern America and Australia, [2].
Today the most common method for breast cancer screening and diagnosis is X-ray mammography. It is
well recognized for its ability to detect tumors but it also suffers from some disturbing limitations. Neither
the false positive nor the false negative detection rates are negligible. This leads to a number of unnecessary
additional investigations and, more seriously, a fraction of the tumors are not detected at an early stage
which is a prerequisite for efficient treatment. A major reason for the limitations using a technique based
on X-rays is that the contrast between the tumor and the surrounding tissue sometimes can be as low as a
few percent.
An interesting alternative that could potentially remedy some of the drawbacks with X-ray is imaging
with a technique based on microwaves. In dielectric measurements a significant contrast has been observed
between healthy and malignant tissue at these frequencies. Depending on the mixture between fatty and
glandular tissue in the breast the contrast varies largely between individual patients, from about 10% for
a breast with a large portion of glandular tissue and up to >100% for breasts consisting of mostly fatty
tissue, [3]. In recent clinical studies the ability to detect breast cancer tumors with microwaves have been
shown, [4]. In this paper we present results from our work with developing a 3D clinical imaging prototype.
2 Methods for Image Reconstruction and Measurements
In microwave tomography the object under investigation is surrounded by a number of transmitting and
receiving antennas. In the measurements each antenna is operated as a transmitter as well as a receiver
for every possible combination of antennas. The basic idea for the image reconstruction algorithm is to
compare the measured data with a corresponding numerical simulation of the system. Based on the difference
between the measured and the simulated signals the object under reconstruction is iteratively refined in the
computational model. As the reconstruction of the target object is iteratively refined, the simulated and
measured signals converge. The assumption is that when the difference is sufficiently small the reconstruction
is completed. In our work we utilize wide band pulses as for the imaging and we use a time domain formulation
of the reconstruction procedure in which the aim is to minimize the objective functional, F , defined as
F (, σ) =
∫ T
0
M∑
m=1
N∑
n=1
|Em(, σ,Rn, t)−Emm(Rn, t)|2dt, (1)
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where Em(, σ,Rn, t) is the calculated field from the computational model andEmm(Rn, t) is the corresponding
measured data when antenna numberm has been used as transmitter. HereM is the number of transmitters,
N is the number of receivers and Rn denotes the position of antenna number n.
In much of the published work as well as in most of our own work imaging has been restricted to 2D
antenna arrays and 2D reconstruction algorithms. The main motivation for using 2D is to reduce the
computational burden, which easily can grow out of control in a 3D configuration. Consequently we have
earlier used a flat antenna array, where the antennas have been placed on a circle together with a 2D
reconstruction algorithm, [5]- [8]. However, this setup is also most suitable for imaging 2D objects with
dielectric properties that are constant in the direction perpendicular to the antenna plane. When it comes
to imaging 3D objects the accuracy is seriously limited. The reason for this is at least twofold. Number one;
it is not possible to make accurate models of the real world antennas in a 2D algorithm. Number two; the
propagation model of the real world 3D wave pattern in a 2D model is not accurate. This introduces serious
limitations in the accuracy of the simulated data and which will manifest itself in the comparison with the
measured data. We have also developed a 3D algorithm that we have used with this measurement setup, [9].
In this algorithm we can make accurate models of the antennas but since we have no antennas outside the
plane we still can get no information about the objects in the z-direction and therefore still only image 2D
objects.
In our current strive to develop a clinical prototype we have therefore concluded that the most suitable
design of a clinical prototype is to use an antenna array where monopole antennas are placed in a 3D
pattern. We have chosen to construct a cylindrical antenna array and together with a fully 3D reconstruction
software the potential for improved accuracy is increased. The price that has to be paid for this approach
is a significantly increased computational load in the reconstruction algorithm. The principal design of the
antenna array under investigation can be found in Fig. 1(a) together with a photo in (b). The diameter of
the cylindrical antenna array is 140 mm and the height is 120 mm. The diameter of the plastic tank is 400
mm.
(a) Antenna array configuration (b) Photo of antenna array
Figure 1: The principal design of the antenna array. The antenna array consists of 32 antennas in total,
configured in four circles with eight antennas in each circle. Also shown is a photo of the experimental
system.
3 Results
In the strive to evaluate the performance of this system several imaging scenarios have been evaluated
and will be evaluated. The foundation for all imaging is that an accurate electromagnetic model can be
obtained such that an accurate comparison with measured data can be made. In this work we use a FDTD
model based on a thin-wire approximation to model the antenna wire and the resistive voltage source to
model the feed. In Fig. 2 two selected reflection and transmission coefficients have been plotted, both
measured data and simulated data has been plotted in order to evaluate the accuracy of the numerical
model. The agreement between the two curves is good, and similar agreement can be seen also for the rest
of the antennas.
(a) Reflection (b) Transmission
Figure 2: This plot shows measured (blue) and simulated (red) S-parameter data for two selected antennas in
the array. To the left a reflection coefficient and to the right the transmission coefficient for two neighboring
antennas.
Using this FDTD model we have reconstructed a simple target in form of a plastic cylinder. In this case
the tank was filled with a saline solution having r = 78 and σ = 1.1 S/m and the plastic cylinder was
immersed into the array from above. Scattering parameters were measured and the image reconstructed.
Shown in Fig. 3 are a representation of the original model together with reconstructions of the permittivity
and conductivity for both measured and simulated data. We see that the reconstructions of the permittivity
(a) Original relative permittivity (b) Reconstructed r simulated data (c) Reconstructed r, measured data
(d) Original conductivity (e) Reconstructed σ, simulated data (f) Reconstructed σ, measured data
Figure 3: Representation of the original model and reconstructions from measured and simulated data.
based on both experimental and measured data agree well with the original model. However the conductivity
shows significant artifacts already for the simulated data. Consequently the reconstruction from experimental
data is even worse, with large artifacts and no clear recovery of the original object.
4 Conclusion
In this paper we have described a 3D system for microwave imaging. A FDTD model of the system
was made and the results from this numerical model have been shown to agree well with the corresponding
measured data. Furthermore reconstruction of a simple target originating from measured and simulated data
was shown. The result was found to be more accurate for the permittivity than for the conductivity.
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